Abstract: A series of novel pyrrolidene imines and an ethene derivative bearing functionalized benzothiazole or benzothiazolium acceptor groups were synthesized, characterized and their photochromic properties, at room temperature, evaluated using the photostationary technique. While the imines did not show significant photochromic properties, visible irradiation of the diarylethene derivative led to a fast trans-cis isomerization of the C=C bond, with the concomitant change in the absorption spectrum. The cis isomer is not thermally stable and, in the absence of light, reisomerizes slowly back to the trans form.
Introduction
Schiff bases are an important class of compounds with a variety of applications in medicine, materials and supramolecular chemistry due to their biological (anticancer, antimalaria, antivirus, antimicrobial, etc.) and optical properties (chemosensors, and nonlinear optical) [1] . Additionally they can be used as ligands, able to complex with different metals in various oxidation states, controlling their performance in useful catalytic transformations [2] .
The reversible photoinduced trans-cis isomerization of stilbenes and Schiff base derivatives has been comprehensively studied in the last decades, either in solution or in the solid state [3] . UV or visible irradiation of the thermodynamically more stable transisomer produces the cis-isomer that returns to the initial form either thermally of through irradiation with light of a different wavelength (Scheme 1). Earlier, it was reported that, the introduction of electron donor/acceptor groups in the aromatic rings of the N-benzylidene anilines led to some tailoring of the photoresponse.
Nevertheless, the photoisomerization could only be detected at low temperature (-25º to -10º) [4] .
More recently, we have showed that the kinetic rate of the thermal cis-trans reisomerization of pyrrolidene Schiff bases, at room temperature, can be controlled through proper substitution at the aniline ring of the molecule [5] . Having in mind theses results and as part of an on-going research to develop efficient heterocyclic systems for photochromic applications [6] we decided to prepare some simple heterocyclic imines 1 and the corresponding vinyl derivative 2 functionalized with benzothiazole or benzothiazolium acceptors groups linked to the pyrrole ring through position 2 or 6 of the benzothiazole ring in order to evaluated their photochromic properties by UV spectroscopy. 
Synthesis
General procedure for the synthesis of imines 1: a solution of 2-formylpyrrole (2 mmol), aminobenzothiazole (2 mmol), acetic acid (2 drops) in ethanol (15 mL) was heated at reflux and monitored by TLC, which determined the reaction time (9-24 h).
After cooling and solvent evaporation, the crude product was recrystallized from light petroleum/dichloromethane or ethanol to afford the pure imines 1.
Presentation of the characterization of compound 1b as an example: Synthesis of compound 2: a solution of 2-formylpyrrole (1 mmol), methylbenzothiazolium salt (1mmol) and piperidine (2 drops) in methanol (10 ml) was heated at reflux for about 6 hours. After this time the precipitated was filtered and washed with ethanol to give the pure product 2.
2-((E)-2-(1-methyl-1H-pyrrol-2´-yl)vinyl)-3-methylbenzothiazolium iodide (2).
Orange solid (62 %  34. 1, 35.6, 106.1, 111.7, 115.9, 118.0, 123.8, 126.8, 127.5, 128.9, 130.4, 132.9, 136.5, 141.9, 171.0 Photometer with UV-A probe. A temperature controlled (20 °C) 10 mm quartz cell (3.5 mL of sample solution) equipped with magnetic stirring was used. The maximum absorption wavelength of the stable trans form of the compounds was determined and then the absorbance was measured at λ max while performing Vis light irradiation/dark cycles.
Results and discussion

Synthesis
Imines 1 were synthesized through Schiff-base condensation of commercial available 2-formyl-pyrrole with amino-benzothiazole derivatives, in ethanol at room temperature (Scheme 1). Purification of the crude products by recrystallization gave the pure compounds in moderate to good yields (9-61%).
Benzothiazolium salt 2 was synthesized through condensation of the precursor 2-formyl-1-methylpyrrole with 1-methylbenzothiazolium salt in methanol at reflux, in the presence of a catalytic amount of piperidine for about 5 hours. After this time the precipitated was filtered and washed with ethanol to give the pure product 2. 
Trans-cis photochemical isomerization
In acetonitrile solution 1a-c present a broad absorption band in the UV region with  max between 334 and 380 nm. Compound 1a exhibit also a second low intensity band at 431 nm. Diarylethene 2 present an intense absorption band in the visible region and therefore their acetonitrile solutions are intensively coloured (orange).
The trans-cis isomerization of the C=C or C=N double bond can usually be achieved by UV-Vis irradiation which leads frequently to the lowering of the absorption at  max since the cis isomer has a lower extinction coefficient. However, the UV-Visible 6 6 irradiation of imines 1a-c, for several minutes, did not produce any significant changes in the UV-Vis spectra. This fact does not mean necessarily that the isomerization did not occurred, but probably that the switching between the two species takes place too quickly to be detected by this technique.
On the contrary, visible irradiation of compound 2 led to a very fast and significant decrease in the absorption al  max reaching a photostationary equilibrium in 20 seconds which is consistent with the light promoted trans-cis isomerization of the double bond (Scheme 3). When the light source was closed the absorbance of the solution increased slowly, due to the thermal cis-trans back isomerization, following a mono-exponential process with a rate constant of K=0.1834 Min -1 which indicates that the cis-isomer has a lifetime of 3.8 min at room temperature. From the decay of the absorbance, one can estimate that the photostationary equilibrium is constituted by more than 38% of the cis isomer. The full return of the cis isomer to the trans form is therefore slow and takes about 20 min. The phenomena could be reproduced several times demonstrating that no competitive reactions, leading to degradation products, are occurring. 
Conclusions
New heterocyclic imines functionalized with benzothiazole or benzothiazolium acceptors groups linked to the pyrrole ring through position 2 or 6 of the benzothiazole ring and a new diarylethene derivative 2 with the same pattern were synthesized using simple experimental procedures. The ethene 2 showed photochromic properties and the switching between the trans and cis isomers could be performed, at room temperature, through exposure of acetonitrile solutions to visible light (20 s) followed by dark (20 min).
